Despite international concern about the safety of trampolines, they have become increasingly popular in New Zealand. While internationally attention has centred on a relatively few cases of catastrophic cervical spine injury, little research effort has been directed at placing these incidents in a wider context. To redress this, a descriptive epidemiological study of trampoline-related injury in New Zealand was undertaken. National hospitalization and mortality data for a 10-year period revealed 2098 hospitalizations and two deaths. The incidence rate for hospitalizations increased from 3.1 per 100 000 population per year in 1979 to 9.3 in 1988. Of the hospitalized victims, 71% were injured on home trampolines and 80% fell from the trampoline to the surrounding surface. Fractures were the commonest type of injury (68%), and the body site most frequently involved was the upper limb (53%). There was no evidence of a high incidence of severe head and neck injuries. It was concluded that, although existing trampoline standards addressed many of the issues raised by this reasearch, measures to reduce the impact of falls from trampolines to the ground and to prohibit the provision of trampolines as 'play equipment' are required.
The trampoline has been the subject of controversy almost ever since it was patented in 1936 by George Nissen. Described as a 'rebound device activated by vertical jumping'", the trampoline was used in the training of fighter pilots during the Second World War, after which it became increasingly popular in Europe and North America as an item of gymnastic equipment. Its popularity declined, however, in the wake of widespread publicity given to reports of severe head and neck injuries being sustained by users of the equipment, predominantly when landing in the centre of the trampoline bed24. While many writers have called for the banning or restricted use of the trampoline2-, others have provided a spirited defence of the equipment8-10, and in some instances opinion appears to have softened over time".
Efforts to reduce the risk of injury to trampolinists have included the publication of a safety standard, ASTM F3811, the development of guidelines for the safe use of the trampoline12-14, the development of instructional methods and programmes '5 16 , and the introduction of accreditation programmes for instruc- tr17-19 tors'79
While considerable attention has been focused on a relatively small number of cases of catastrophic injury to the cervical spine, only two studies reported in refereed journals have adopted a broader epidemiological perspective in examining the problem of trampoline-related injury2' 7. These studies have shown that home trampolines are commonly involved; that while falls onto the bed of the trampoline are the most common cause of injury, falls from the trampoline occur comparatively frequently; and that injuries to the extremities are more common than those to the spine. Although the cases in these studies were identified from emergency department records, suggesting lower levels of injury severity than for the cases referred to above, both included more serious injuries requiring hospital admission.
In The present study was undertaken because of concern that while much had been written about the dangers of trampolines, little sound epidemiological research has been reported on which to base recommendations regarding this equipment. The present paper is one of three arising from this study. An analysis of emergency department data is reported elsewhere24, as is a review of the debate over this equipment20.
Health's New Zealand Health Information Service (NZHIS) public hospital morbidity data files for the period 1979-1988 . The NZHIS records data on all discharges from public hospitals (for convenience, the term 'hospitalization' will be used to refer to 'hospital discharges'). Public The source of mortality data was the NZHIS mortality files for the period 1978-1987. As for the hospitalization files, the circumstances of injury are coded according to the ICD25E codes and there are free-text descriptions of the nature and circumstances (95 characters). The search for cases followed the procedure described above. Since the nature of injury resulting in death is not coded in the NZHIS mortality files, this was obtained from the free-text descriptions and the coroner's files for these cases. The latter contained additional detail on the circumstances of injury.
Population-based rates were calculated using Statistics in New Zealand demographic data published annually by the NZHIS28. Trends in annual incidence rates were analyzed using the x2 test for linear trend in proportion29. 13 .9 per 100 000 males per year (CI = 13.0-14.9) (Fisher's exact test, 2-tail, P < 0.001).
Circumstances
For 1521 (72%) of the incidents there was sufficient information available to identify the place of occurrence clearly. Of these, 71% (n = 1087) occurred at home, 12% (n = 180) at school, 8% (n = 126) in parks, 5% (n = 73) in public buildings, and 4% (n = 55) in holiday places. The number occurring at home increased from 34 in 1979 to 183 in 1988. According to the ICD25 classification of the external causes of injury (E codes), 1921 of the incidents (92%) involved falls (E882-888), with the majority (n = 1857) of these being classified as 'other fall, from one level to another' (E884). One hundred incidents (5%) involved collisions (E916-917), 59 (3%) involved over-exertion (E927), 10 involved being caught in or between objects (E918), seven involved sharp objects (E920), and one involved an unspecified environmental cause (E928). Examination of the descriptive information recorded for each case revealed that the most common cause of injury involved the victim A further measure to reduce the risk of falling when mounting or dismounting from the trampoline would be to attach a vertical rung ladder to the trampoline frame. One reservation about this measure, however, is that it may enable younger children to gain access to the trampoline bed without the assistance of an older person and thereby increase the exposure of this group. Given this reservation, careful consideration of this measure is required.
Chalmers and Langley32, in their study of hospitalizations associated with falls from playground equipment in children aged less than 15 years, found that 59% of trampoline injuries occurred at home. In the present study, which included victims of all ages, it was found that over the 10-year period 71% of incidents occurred at home. While this high proportion of injuries occurring at home might simply be a function of exposure, it may relate also to factors such as poor-quality equipment (e.g. inadequate bed size or lack of safety pads), bad siting (e.g. proximity to obstacles or concrete), misuse (e.g. multiple users on bed), and lack of supervision (e.g. lack of 'spotters'). While the measures described above would address a number of these issues, the following additional measures could be taken:
1. Ensuring that frame padding is securely attached to the frame so as to cover all portions of the top surface of the frame, the outer hooks of the trampoline springs, the spring-anchor devices on the frame, and the springs; 2. Ensuring that frame padding is supplied by the manufacturer as an integral part of the trampoline and not as an optional extra; 3. Ensuring that there is only one user on the trampoline bed at any time.
On the basis of the findings reported here, and recognizing the popularity of trampolining in New Zealand, we are unable to support the notion of a total ban on the use of the trampoline. Nevertheless, we accept the argument made in the international literature that trampolining should be treated as a potentially dangerous activity and that controls are necessary to reduce the frequency and severity of injuries associated with this equipment. We therefore recommend that:
1. The trampoline is not provided as 'play equipment' in any setting, including the home; 2. The trampoline is used only under expert instruction or supervision; 3. Disabled children should not use the trampoline except under constant supervision; 4. Initiatives taken to develop guidelines for competitive trampolining-and in particular the training of accredited instructors, supervisors and coaches -should be supported by national, regional and local organizations concerned with the promotion and control of sporting and recreational activity.
While ASTM F381-841 and NZS 5855:199323 together address many of the issues raised by the above findings and are reflected in the above recommendations, we believe that further consideration must be given to measures that will reduce the impact of falls from the trampoline. We refer in particular to the recommendation made above for the provision of impact-absorbing surfaces surrounding trampolines. Finally, we do not consider it sufficient to require use of the trampoline 'only with mature, knowledgeable supervision' (NZS 5855:1993:6.4.3(10)23). We believe that in the absence of information on exposure in different settings, a conservative stance is warranted. In addition to the above requirement, therefore, standards should clearly state that trampolines are not to be provided for use as 'play equipment' in any setting, including the home. It is most unlikely that in this latter setting, knowledgeable supervision and an adequate number of competent 'spotters' would be available at all times during which the trampoline was in use.
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